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Flysch Sedimentation is not continued in some time-mter-

vals and geographic areas. Limestones, marlstones and marls,

rieh in planktonic foraminifera and coccoliths, occur msome

cases like the Cretaceous-Tertiary boundary, from Upper

Maastrichtian to Upper Paleocene-lowermost Eocene ages. A

paleogeographical model has been proposed by Plaziat

(1975): in this a troughi oriented NW-SEreceived turbiditic

Sediments from Continental margins with a prevalent calcare-

ous Sedimentation.

There are several outcrops of the C/T boundary from Bil-

bao to Biarritz; Zumaya, on the Guipuzcoan coast, is the best

known. GOmezde Llarena (1954, 1956), Herm (1965), von

HiLLEBRANDT(1965), Kapellos ( 1974) and Percival & Fischer

Fig. 2. The Cretaceous-Tertiary boundary in Sopelan (Basque

Country).

(1977) are some of the more interesting micropaleontological

papers. Another interesting locality is near Biarritz, referred

to by Stuart-Menteath (1894) and de Lapparent(1918), and

whose nannoflora has recently been studied by Perch-Niel-

SEN (1979).

There are other outcrops of the C/T boundary referred to

in the regional bibliography of Biscay and Guipuzcoa Provin-

ces, Rat (1959), Ciry and al. (1967), Campos (1979), Lamol-

DA, RodrIguez-Lazaro & WiEDMANN(1981), ctc, all in the

typical facies of this flysch zone. Wehave studied one of the-

se, in the cliffs of Atxibiribil and Larrabasterra beaches, near

Sopelana, N of Bilbao (Figure 2), referred to by de Jorge

(1963), Rat (1959) and Bijvank (1967).

Uniformity of lithology is the principal characteristic of the

stratigraphic sequence of the upper Maastrichtian-Upper Pa-

leocene ages in the coastal area of the Basque Country. Rocks

of Upper Maastrichtian age show alternation of limestones

and grey marls with ammonites, moceramids, echinoids and

ichnofossils, Rat (1959), Wiedmann (1969). The top of this

sequence has more marls and its colour is reddrsh and greenish

more than grey. Foraminifera and coccoliths are always pre-

sent and abundant. Above these reddish marls and marlstones

there is a level, 25^0 cm thick, made up of brown grey marls

that marks the basal Paleocene. Above this level, a new alter-

nation of limestones and grey marls occurs. Red an pink co-

lours are present in the known sections at different positions,

sometimes from basal beds other times several meters above.

Echinoids are found, Plaziat et al. (1975), and ichnofossils at

several levels.

LITHOFACIES OF THE CRETACEOUS-TERTIARY
BOUNDARYIN SOPELANA

Fig. 3. The Sopelana section:changes in its planktonic

belong to the Heterohelicidae and Globotruncana (2

R. fructicosa (Egger) and P. acervtilinoides (Egger).

microfossils. 1 : ratio between number of specimens

keels). 2: ratio between number of specimens of
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The studied detailed section is 12 mthick, from latest Maa-

strichtian to Lower Paleocene age. The upper Maastrichtian

A. mayaroensis zone is 55 m thick (Figure 3) with reddish

and purple marls and an important intercalation of grey lime-

stones and marls. The rate of Sedimentation is 30 bubnoff

(30 m/M. y.), for a duration of A. mayaroensis zone of 1,8

M. y., which is slower than in Zumaya, 40-80 b. according to

Percival & Fischer (1977).

The top of the purple marls has a distinct burrowed surface.

Organic activity of detritivorous animals is high, as is shown

by the many, partially disolved forarniniferal tests found in

these beds, either isolated or in tubulär Clusters.

Above the purple marls are 32 cmof Brown grey marls; the

basal 2 cm are richer in clay and their colour is browner. They

represent the start of paleocene times. Above this bed one

finds an alternation of grey and pink limestones, mostly mi-

critic and marls. Thickness of beds is about 20-30 cm for the

limestones and 2-4 cm, exceptionally 10 cm, for the marls,

bed boundaries are distinct in the basal part, later they become

gradual. The rate of Sedimentation is near to 4 bubnoff for a

duration of G. (E.) edita Zone of 1 M. y. This rate is 7 to 8 ti-

mes slower than in the Upper Maastrichtian age. In general,

the rate of Sedimentation is 2-3 times slower in Sopelana than

in Zumaya.

BIOSTRATIGRAPHY

The/l. mayaroensis Zone, G. (E.) eugubina Zone, G. (E).

edita Zone and G. (E.) trinidadensis Zone of planktonic fo-

raminifera have been found in the Sopelana section. In addi-

tion the calcareous nannoplankton zones of M. murus,

M. prinsii, M. inversus and C. tenuis have been identified.

The presence of C. danicus zone is uncertain because no ty-

pical C. danicus has been found in the section.

Foraminifera. These are found in rieh associations,

mainly in A. mayaroensis Zone. Planktonic foraminifera are

dominant throughout the Sopelana section, only in the Lo-

wermost Paleocene are benthonic foraminifera more abun-

dant than planktonic ones. The number of planktonic forami-

nifera species found in A. mayaroensis Zone is 47, mostly

with few specimens. The more abundant and commonspecies

are: Globotruncana arca (Cushman), Glohotruncanita stuar-

tiformis (Dalbiez), Globotruncana contusa (Cushman),

G. falsostuarti Sigal, Globotruncanella havanensis (Voor-

wijk), Racemiguembelina fructicosa (Egger), Planoglobulina

acervulinoides (Egger), Pseudotextularia elegans (Rzehak),

Heterohelix spp., etc. The species Abathomphalus mayaro-

ensis (Boi.li), although generally present, is not abundant and

we have found no specimens in the last 1,5 mof the purple

marls.

The lower boundary of ^. mayaroensis Zone is defined by

the appearance of that species, the upper boundary is defined

by the extintion of the Cretaceous planktonic foraminifera.

The foraminiferal association of the lower part of yl. mayaro-

ensis Zone is dominated by a species of Globotruncana, such

as the G. arca and G. falsostuarti groups. Other specimens

have been identified as G. insignis, G. rosetta, G. stephenso-

ni, G. patelliformis and G. walfischensis. To ward the upper

part of this zone, the spiroconvex species, such as G. orienta-

lis, G. esnehensis, G. patelliformis, G. walfischensis and

Globotruncanella piramidalis occur in higher numbers. We
have observed several changes in the planktonic foraminiferal

association in the last half meter of purple rmrl-.a) the Hete-

rohelicidae are more abundant than twin keeled Globotrun-

cana spp., which were the more abundant species during

mostofthe^l. mayaroensis Zone; b) R. fructicosa is replaces

by P. acervulinoides as the dominant species among the He-

terohelicidae; cj a slight, gradual decrease in planktonic fo-

raminifera is noted, from 95% to 87%; d) the number of

planktonic foraminifera species decrease from 45—44 to 26 in

the last sample of Maastrichtian age, in which we have not

found G. contusa, G. havanensis, T. scotti and R. rotunda-

ta. R. fructicosa is reduced in number by a factor of 3.

Globigerina (Eoglobigerina) eugubina Zone: this is repre-

sented by the grey marls above the purple marls of the upper-

most Maastrichtian age. Its lower boundary is defined by the

extinction of cretaceous Globigerinacea, in Sopelana, the first

appearance of G. (E.) eugubina is later (Figure 4), like that of

G. (E.) fringa. Four species have been found in the G. (E.)

eugubina Zone, always with few specimens. The upper

boundary is defined by the appearance of G. (E.) edita. Be-

low the first definite occurrence of G. (E.) edita there is a li-

mestone bed, 27 cm thick, which in thin section shows some

specimens referable to this species. Therefore, the exact posi-

tion of the boundary is not well marked.

In addition to these Paleocene species specimens of upper

Maastrichtian foraminifera, are present, öfter showing signs

of dissolution. These specimens decrease in number toward

the top.

G. (E.) edita Zone: The lower boundary is defined by the

first occurrence of the species Globigerina (Eoglobigerina)

edita in marls. The planktonic foraminifera association have

as main species: G. (E.) triloculinoides, G. (E.) varianta and

G. (E.) taurica. The species G. (E.) pseudobulloides is not

well represented, therefore we have prefered G. (E.) edita to

define its equivalent biozone. The upper boundary is defined

by the first occurrence ofG. (E.) trinidadensis, marker of the

next zone.

In the lower part of the G. (E.) edita Zone some species

from the G. (E.) eugubina Zone can be found. The upper

part is characterised by the occurrence of G. (P.) compressa

in addition to the main species previously cited. Wehave de-

termined 12 species of planktonic foraminifera in this zone.

G. (E.) trinidadensis Zone: The lower boundary is defined

by the first occurrence of the species Globigerina (E.) trini-

dadensis. That first occurrence is not well defined because of a

limestone bed, 26 cm thick, which presents the same problem

as the first occurrence of G. (E.) edita. Wehave only studied

the lower part of this zone; its planktonic foraminifera asso-

ciations are characterised by the occurrence of G. (E.) trini-

dadensis and G. (E.) incostans, in addition to the species al-

ready present in the G. (E.) edita Zone, which are the main

ones.
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Fig. 4. Record of the planktonic for.imimfera in the Sopehna sec-

tion.

Nannoplankton: In theCretaceouspart of theSopelana

section, the nannoplankton biozones of Micula murus and

Micula pnnsii have been determined, the last only a few cm
thick. Both zones have similar associations of coccoliths, the

main species being Ärkhangelskiella cymhiformis, Cribro-

sphaera ehrenbergii, Micula decHssata, Prediscosphaera creta-

cea and Watznaueria harnesae. Only the occurrence of Mi-

cula prinsii in the uppermost Maastrichtian, distinguishes its

zone from that of M. murus. Species with long stratigraphi-

cal occurrence, generally considered as a persisting type

which passed the cretaceous/Tertiary boundary, such as Cy-

cldgelosphaera reinhardtiiy are very rare in the Upper Cretace-

ous of Sopelana and they start to occur regularly from the

M. prinsii Zone (Figure 5).

Markalms inversus Zone - NP !

The lower boundary of this zone has been redefined several

times since its discovery. At first it was based on the appea-

xdiwct oi Markalius astroporus by Hay & Mohler (1967), sub-

stituted by that of Biantholithus sparsus by Perch-Nielsen

(1969) and then by the extinctlon oi Ärkhangelskiella cymhi-

formis and other Cretaceous species by Martini (1971). The

first definition was proved invalid as M. astroporus is already

präsent in the Upper Cretaceous. The second is difficult to use

as it is based on a species which is usually rare. Finally, the

Cretaceous extinction line is somewhat ambiguous. A new

criterium introduced by Romein (1979) puts the lower limitof

the first Tertiary nannoplankton zone in correspondence to

the mass occurrence (or increased frequency) of Braarudo-

sphaera bigelowi and/or Thoracosphaera operculata. Using

this definition, which is the only one applicable to our sec-

tion, we place the lower limit of NP 1 Zone between the M4h
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and PO samples, that is between the purple and the grey

marls. The lower boundary is characterized by a Thoraco-

sphaera spp. flood associated with the uppeimost Cretaceous

coccoliths and by a marked increase in the frequency of the

persisting species Cyclagelosphaera reinhardtii. Apart from

these differences the association of the basal part of the grey

marls is the same as that of the purple marls. Cretaceous coc-

coliths are found everywhere in the basal levels of the Tertiary

and are commonly considered as reworked. In general this

presence is sporadic and/or of low frequency. In our case,

however, this hypothesis of reworking is hard to uphold and

we belive that the most characteristic and widespread species

of the Upper Maastrichtian pass beyond the lower limit of the

NP 1 zone, defined according to Romein (1979). Therefore,

based on nannofossil associations, there exist a continuity

between the top of the purple marls and the beginning of the

grey marls. The drastic reduction of the Cretaceous species

takes place inside the grey marls, between samples PI and P2,

and we believe that from sample P2 on the Cretaceous forms

can be on the whole considered as reworked. Also, the first

true Cenozoic species appears at this time, when specimens of

Cretaceous species become rare in the associations.

A first increase in the frequency of Braarudosphaera takes

place in the upper part of the grey marls, in sample P5. This

phenomenon increases from sample Dl on, where several

species of Braarudosphaera, such as B. bigelowii, B. turbi-

nacea and 5. alta have been recognized. The type of the last-

named species comes from the Lower Paleocene of the Bar-

ranco del Gredero (Murcia) section in the SE of Spain. The

first def inate occurrence of Biantholithus sparsus was noted in

sample Dl, where also Markalius apertiis appears. This last-

named species was described from the upper part of the basal

Danian D1 zone of Denmark by Perch-Nielsen ( 1 979) . So its

occurrence in our section allows a correlation between the

grey marls and the lower part of the NPl zone in the type Da-

nian. The first specimens of Cruciplacolithm primus appears

in sample D5 and at same time Micrantholithus enters the as-

sociations. The main species of the M. mversus Zone of So-

pelana section are Thoracosphaera spp. and C reinhardtii

for the lower part associated with Braarudosphaera spp.,

Octolithus multiplus, and rare incoming Cenozoic species in

the Upper part of the zone.

SIMILARITIES AND DIFFERENCESWITH OTHER
SECTIONS

The lithology of the Sopelana section is similar to the litho-

logy of the classical section of Zumaya, also to the section of

Biarritz studied by Perch-Nielsen (1979) and the section of

Lattengebirge in the Calcareous Septentrional Alps studied

by Herm, Hillebrandt and Perch-Nieisen (1981). All these

sections have a marls bed related with the C/T boundary.

Other well known sections, such as Gubbio (Italy), Luterba-

cher & Premoli Silva (1962), and Caravaca (SE Spain), Abtahi

(1975) and Smit (1977), show slight differences: the former is

more calcareous and the latter is richer in clay. These sections

have a burrowed level, sometimes hardened, in which most

species, or all, of the upper Cretaceous planktonic foramini-

fera are extinguished.

According to Smit & Ten Kate (in press) the occurrence of a

zone without fossils between the mass-extintion of Cretace-

ous planktonic foraminifera and the first sure occurrence of

Cenozoic species is quite common. The Sopelana section

shows the first def inate specimen of G. (E.) eugubina

8-10 cm above the Burrowed surface of the purple marls, al-

though there are, in that interval, some specimens which

might be referable to G. (E.) eugubina and G. (E.) fringa.

Therefore, the Sopelana section has strong similarities with

the Zumaya, Biarritz and Lattengebirge sections, but in the

last case there is an interval with G. (E.) fringa and without

G. (E.) eugubina. Therefore, we have not identified a Gu-

emhelitria cretacea zone, Smit (in press). The poor State of

preservation of the upper Cretaceous planktonic foraminifera

found in our G. (E.) eugubina Zone has led us to think they

are not "in situ".

The nannofossil species in Sopalana C/T boundary are si-

milar to those of the Lattengebirge, Zumaya and Biarritz sec-

tion, mainly due to the large numbers of specimens of Thora-

cosphaera spp. foUowing the extinction of Cretaceous plank-

tonic foraminifera species. However the occurrence of

M. prinsü in the Biarritz section is different, as it occurs here

over several meters, whereas in the Lattengebirge and Sope-

lana sections it only occurs in athicknessof 10-15 cmon both

sides of the C/T boundary.

Cruciplacolithus tenuis Zone - NP2/NP3?

The first occurrence of C. tenuis in sample D6 marks the

lower boundary of this zone, it falls in the middle part of the

G. (E.) edita Zone of planktonic foraminifera. Besides com-

mon persisting forms of the underlying zone, Encsonia Cava

and Micrantholithus fomicatus are the main species associa-

ted with the growing group of the incoming Cenozoic forms.

No typical specimens of Chiasmolithus danicus were found

in the examined samples of this section. However,' the pre-

sence of Neochiastozygus modestus, which according to

Perch-Nielsen (1981) evolves from N. primitivus in Zone

NP3, suggests that sediments of this age could be represented

in the upper part of the section.

The occurrence in the lowermost grey marls at Sopelana of

Thoracosphaera spp. with Cretaceous coccoliths species in

similar relative abundance as in the upper Cretaceous beds

and without Cenozoic coccoliths species, has led us to think

there are levels in Sopelana not represented in Biarritz, or that

there is more reworking of Cretaceous fossils in Sopelana than

in Biarritz. The Zumaya and Sopelana sections however show

the same associations.

There are some differences between Sopelana, Zumaya and

Lattengebirge sections during the Paleocene age. Associations

have not allowed us to make subdivisions within the M. in-

versus Zone (NPI) as they did in Lattengebirge. Chiasmoli-

thus danicus was not found whereas it seems to occur in Zu-

maya, Percival & Fischer (1977), although it occurs here at

the same level as C. tenuis.
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Differences to Biarritz are clear, the M. inversus (NPI)

Zone is 1 m thick, whereas in Sopelana it is 2 m. This diffe-

rence is contrary to what can be observed in the top of the

Maastrichtian; an explanation for this could be a change of the

rate of Sedimentation near the C/T boundary, or different

erosion in the uppermost Maastrichtian and lowermost Pa-

leocene of both sections.

CONCLUSIONS

The biostratigraphy we have recognised - the A. mayaro-

ensis, G. (E.) eugubina, G. (E.) edita and G. (E.) trinidaden-

sii zones with planktonic foraminifera and the M. murus,

M. prinsii, M. inversus, C. tenuis and C. danicusf zones

with coccoliths- is that generally utilized by most aulhors for

the Cretaceous-Tertiary boundary succeSsion.

. Accurate studies of the biozones show interesting differen-

ces in those closer to the C/T boundary. The M. prinsii Zone

is less well represented in Sopelana than in Biarritz and Cara-

vaca; on the other band, the M. inversus Zone is better repre-

sented in Sopelana than in Biarritz.

Thus it is especially difficult to characterize biozones üke

Guemhelitria cretacea, whose short duration makes its ab-

sence in the stratigraphical record very likely. Maybe, that

Zone is equivalent to the G. fringa Zone as its authors, Herm,

HiLLEBRANDT & Perch-Nielsen (1981), have proposed, ba-

sing their argument on the probable occurrence of G. fringa

specimens, smaller than 0,1 mm, in Caravaca as in Lattenge-

birge. This is not the case in Sopelana however, because

G. (E.) fringa occurs at the same levels as G. (E.) eugubina,

and only in the lower 2-3 cm of grey marls could it be repre-

sented.

In any case, it is necessary to remember that the G. (E.) eu-

gubina specimens of Lattengebirge have a size of 0,125 m,

whereas, in the lowermost G. eugubina Zone in Sopelana,

we found G. (E.) fringa and G. (E.) eugubina. which were

both less than 0,1 mm. Therefore we must ask ourselves if the

first occurrence of G. (E.) eugubina in Lattengebirge is later

than in Sopelana. If the ans wer is yes then the validity of the

G. frmga Zone is doubtful, as the key for establishing the

G. fringa Zone in Lattengebirge lies in the different time of

the first occurrence of both species.

Whenwe correlate the Sopelana and Zumaya sections with

various parameters, for instance with the percentage of plank-

tonic foraminifera; the number of species of planktonic fora-

minifera; the nannoplankton, etc. (Figure 6), we find a strong

similarity betw.een both sections. In our opinion, the most in-

teresting characteristic which they share are some gradual

changes prior to the C/T boundary. These changes were al-

ready noted by Herm (1965) and later by Allen (1975) and

Percival & Fischer (1977) in Zumaya. The number of plank-

tonic foraminifera species and their relative abundance sug-

gest changes in the peiagic ecosystem prior the main C/T cri-

sis. In the same way, the calcareous nannoplankton, also pro-

vide Support for this idea, although with some apparent delay

.
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Fig. 6. Comparison between the Sopelana and Zumaya sections by mean of its planktonic microfossils.

Zumaya section after Herm (1965), VONHillebrandT (1965) and PercIVAL & FiSCHER (1977).
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Therefore, our results are more in agreement with Cle-

mens, Archibald & HiCKEY (1981) regarding the nature of

Cretaceous-Tertiary crisis, than with opinion centered

around the hypothesis of catastrophic or short events.
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